Co /CoO/Co polycrystalline film was grown on Si (001) substrate and magnetic properties have been investigated using in-situ magneto-optic Kerr effect during growth of the sample. Magnetic anisotropy with easy axis perpendicular to the film surface has been observed in top Co layer, whereas bottom layer was found to be soft 
erties have been investigated using in-situ magneto-optic Kerr effect during growth of the sample. Magnetic anisotropy with easy axis perpendicular to the film surface has been observed in top Co layer, whereas bottom layer was found to be soft with in-plane magnetization without any influence of top layer. Ex-situ in-plane and out-of-plane diffraction measurements revealed that the growth of Co on oxidized interface takes place with preferential orientation of c-axis perpendicular to the film plane, which results in the observed perpendicular magnetic anisotropy. Texturing of the c-axis is expected to be a result of minimization of the interface energy due to hybridization between Co and oxygen at the interface. a) Electronic mail: dkumar@csr.res.in Perpendicular magnetic anisotropy (PMA) is a newly emergent area of thin film magnetism in which the preferential alignment of the spins perpendicular to the film surface plays an important role in the functioning of the spintronic devices. In the past, magnetic materials which exhibit PMA drew wide attention because of their use in perpendicular recording media.
1,2 Recently, thin film nanostructures which exhibit strong PMA rapidly actuated extensive research efforts because of the great current interest in perpendicular spin valves (p-SVs) and magnetic tunnel junction (p-MTJs) devices.
3 Strong PMA appears in periodically altered ferromagnetic (FM)/ noble metal(NM) multilayers such as Co/Pt, Co/Pd, Co/Au and CoFeB/Pd. [4] [5] [6] [7] In these multilayer systems, increase in the orbital momentum of Co due to the strong hybridization between the 3d orbitals of the transition metal and the 5d orbitals of heavy metals at the interface is known to be responsible for the strong PMA. 4, 6 As the hybridization is localized at the interfaces, therefore strong PMA appears only with very thin magnetic layer (typically in the range of 3Å to 6Å thick).
Most of the PMA systems have already been used as magnetic electrodes in magnetic tunnel junctions, however because of limited thermal stability and ultra-thin magnetic layer, which substantially reduces the effective spin polarization of the electrode and leads to quite small tunnelling magneto-resistance (TMR) value, none of them are useful from application point of view. Co/CoO/Co multilayer structure has been grown in an ultra-high vacuum chamber in the base pressure ∼ 2 × 10 −8 mbar with facility for e-beam evaporation, and MOKE measurement. 12 Film thickness was measured in-situ using a calibrated quartz crystal thickness monitor. Growth of the sample was done on silicon substrate in three steps; i) deposition of on top of it. In-situ hysteresis loops were measured using MOKE in longitudinal geometry (L-MOKE) after each step of deposition (F1, F2 and F3). It may be noted that after the second stage, a part of the sample (F2-film) was preserved by masking. Another Co film on Si substrate was deposited separately in the identical conditions, which is expected to be identical to film F1. These films were used for ex-situ measurements. In set of the figure shows two representative loops, recorded in-situ with 6Å and 26Å thick capping layer field which could be applied in our in-situ set-up. Hysteresis loop of the F3-film was also measured ex-situ under higher applied magnetic field and is given in fig.1 It is important to note that hybridization is localized at the interfaces and therefore, even with oxygen mediated interfaces (as mentioned above), significant PMA is observed only in ultra thin magnetic layer ranging from fewÅ to a few tens ofÅ. 8, 9 In the present work, PMA in 104Å thick Co layer is some what surprising and can not be understood only in-terms of interface hybridization.
In order to explore the origin of the PMA in top Co layer, structure of the films was investigated using energy dispersive x-ray diffraction (EDXRD) at BM-11 beamline of Indus-2, synchrotron radiation source, Indore which is a white x-ray beamline. 16 In order to find in-plane and out-of-plane structure of sample F3, measurements were carried out in two geometries as shown in inset of the fig.3 ; i) grazing incidence out of plane (OP-XRD) geometry, where the incident beam falls at very low grazing angle (θ in ∼0.05 o ) on the sample which was kept vertically, while the detector was fixed at 2θ out ∼20 o in the horizontal direction.
In this case the scattering vector q lies ∼10 o to the film normal and, therefore, information is obtained about the scattering planes almost parallel to the film surface. ii) Grazing incidence in-plane (IP-XRD) geometry, where both incident and diffracted beam make an angle of 0.05 o in vertical direction and detector was fixed at ∼20 o in the plane of the film. In this case scattering vector lies almost in the film plane and therefore, information is obtained about the scattering planes perpendicular to the film surface, which was kept horizontal.
The OP-XRD pattern of the F1 film exhibits three broad overlapping peaks, which corresponds to (101), (002) and (100) A become prominent, while the intensity of the hcp (100) and hcp (101) peaks at q ∼3.016
A and q ∼3.271Å get reduced significantly. Thus thermal annealing results in transformation of hcp phase of Co to fcc phase. This is in agreement with earlier studies where thermal annealing above 350 o C results in formation of fcc phase. 13, 17 In film F3, the relative intensities of hcp (100) and hcp (101) peaks at q ∼3.016Å and q ∼3.271Å again shows an increase. Further the position of the peak at q ∼3.087Å shows a shift towards higher q, suggesting that the peak now has a higher contribution of hcp (002) In conclusion, the growth behavior of Co thin film on CoO surface has been studied insitu using MOKE. A clear perpendicular magnetic anisotropy with easy axis perpendicular to the Co-CoO interface has been observed in 104Å thick Co film. This is in contrast to the earlier studies, where PMA has been observed only in ultra thin film of thickness ∼25Å .
Thus in present case one is able to obtained PMA even in film thickness with an order of magnitude higher. The origin of PMA in film is attributed to the textured growth of hcp
Co with c-axis perpendicular to the film surface. Using depth resolved MOKE; it has been unambiguously shown that only top Co layer possess PMA, whereas bottom layer was found to be soft with in-plane magnetization without any influence of top layer. It is important to mentioned that most of the insulating layers used in TMR structures are metal oxide layers, therefore it could be possible to deposit thick magnetic electrode, which may lead to increased effective spin polarization and hence TMR value.
